4^ 



cr 
VP 
-.3 



cr 
o 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 908 453 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance witli Art. 158(3) EPC 



(43) Date of publication: 

14.04.1999 Bulletin1999/15 

(21) Application number: 97917413.3 

(22) Date of filing: 17.04.1997 



(51) int CL^: C07D 257/04, C12Q 1/32, 
C07C 309/46 

(86) International application number: 
PCT/JP97/01324 

(87) International pufcrfication number: 

WO 97/38985 (23.10.1997 Gazette 1997/45) 



(84) Designated Contracting States: 


. MIYAZONO, Yoke 


BECH DE PR GB IT LI 


Kumamoto 861-11 (JP) 




• SHIGA, Masanobu 


(30) Priority: 18.04.1996 JP 121134/96 


Kumamoto 862 (JP) 


• SASAMOTO, Kazumi 


(71) Applicant: 


Kumanrwto 861-22 (JP) 


Dojlndo Laboratories Co., Ltd. 




Kamlmashlki-gun, Kumamoto 861-2202 (JP) 


(74) Representative: 




Godemeyer, TTiomas, Dr. 


(72) Inventors: 


Hauptstrasse 58 


• ISHIYAMA, Munetaka 


51491 Overath (DE) 


Kunnamota 862 (JP) 





(54) WATER-SOLUBLE TETRAZOUUM SALT COMPOUNDS 

(57) Tetrazoiium salt compounds represented by the following general formula (1 ): 



0-' 

R2 



(1) 



wherein and independently represent hydrogen atom, nitro group, cyano group. cartMxyl group or a halogen 
atom, preferably nitro group: represents an alkyi group or an alKoxyl group, preferably metfiyl group or metlioxy 
group; and M represents an alkali metal or an ammonium. The compounds are useful for quantitative measurement of 
a dehydrogenase, and characterized to have high water-solubility and excellent storage stability in the state of an aque- 
ous solution. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to novel water-soluble tetrazolium salt conpounds. More specifically, the present J 
invention relates to water-soluble tetrazolium salt compounds which can be suitably used for, for example, quantitative 
measurement of dehydrogenases and other, and to methods for measurement by using the compounds. 

Background Art 

10 

[0002] Quantitative measurement of various dehydrogenases, such as lactate dehydrogenase (abbreviated occasion- 
ally as "LDH" hereinafter in the specif icaton), alcohol dehydrogenase, and glutamate dehydrogenase, have convention- 
ally been conducted by using tetrazolium salt compounds. A property of the tetrazolium salt compound is its ability to 
/receive a hydrogen released by the action of a dehydrogenase, among variety types as mentioned above, via an inter- 

15 mediate electron transporter such as reduced nicotinamide-adenine dinucleotide (abbreviated occasionally as "N ADH" 
hereinafter in the specification) to give a corresponding formazan compound. Accordingly, dehydrogenases can be 
quantitatively determined by measuring the absorbance of the resulting formazan compound. 
[0003] Among these dehydrogenases, lactate dehydrogenase distributes all over somatic celts, and in particular, 
abundantly exists in myocardia. livers, skeletal muscles, and kidneys. It is known that serum LDH activity nnarkedly 

20 increases in patients suffered from diseases such as myocardial infarct, malignant tumor, hepatic failure, progressive 
muscular atrophy, intravascular hemolysis, and megaloblastic anemia. Accordingly, by measuring serum LDH activity, 
highly useful clinical information for diagnosis can be obtained. 

[0004] In recent years, in order to detect trace substances in blood, e.g., uric acid and bile acid, with high sensitivity, 
it has been desired to develop a method for measuring a dehydrogenase which is less susceptible to biogenous sub- 
25 Stances. For this purpose. 3.3*-[3,3'-dimethoxy-(1,r-biphenyl)-4.4'-diyl]-bis[2-(4-nitrophenyl)-5-phenyl]-2H-tetrazolium 
chloride (abbreviated occasionally as "nitro-TB" hereinafter in the specification) and other have generally been used as 
hydrogen aoceptora 

[0005] However, the formazan compound formed by nitro-TB after the acceptance of a hydrogen has low water solu- 
bility, which causes a practical problem. In particular, in automatic analysis, the resulting fornrtazan compound precipi- 
30 tales inside a measuring system including tubes and cells, and may add positive errors on measured values. In order 
to solve the problem, it has been desired to develop a method utilizing a tetrazolium salt which produces a water-soluble 
formazan compound. 

[0006] As water-soluble tetrazolium salt compounds which form formazan compounds having sufficient solubility, Jap- 
anese Patent Unexamined Publication No.(Hei)7-70092/1995 discloses compounds of the following general formula 

35 (2): 



40 



45 




wherein and independently represent hydrogen atom or nitro group, and M represents an alkali metal or an 
50 ammonium. 

[0007] Since these compounds produce formazan compounds having extremely high detection sensitivity, measure- 
ment with higher sensitivity can be achieved by using these compound compared to the conventionally used nitro-TB. 
In addition, because of the water-solubility of the formazan compounds, they are free from adhesion to a measuring 
apparatus, and accordingly, useful for clinical diagnostics. In particular, the compounds of the above general formula 
55 wherein R^ and R^ are nitro groups have a feature of efficient reactivity with NADH to give a formazan compound exhib- 
iting extremely high absort>ance. 

[0008] However, researches by the inventors of the present invention revealed that these compounds have a problem 
of tow storage stability when stored in the state of an aqueous solution. Because aqueous solutions are often stored. 
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after their preparation, for a long period of time such as for 3 to 6 months in usual clinical analyses, it is desired that 
tetrazolium conpounds used as hydrogen acceptors have high storage stability in the state of an aqueous solution. 
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Disclosure of the Invention 

[0009] The inventors of the present invention conducted various studies to provide compounds which have high stor- 
age stability as an aqueous solution, and in addition, maintains the characteristic excellent detection sensitivity of the 
comiDOunds of the general formula (2). As a result, they found that the compounds of the general^ formula (1) set out 
below have the desired features. The present invention was achieved on the basis of these findings. 
[001 0] The present invention thus provides tetrazolium salt conpounds represented by the following general formula 
(1): 



IS 



20 



'O3S 



N=N 



R2 



(1) 



25 

wherein and independently represent hydrogen atom, nitro group, cyano group, carboxyl group, or a halogen 
atom; R^ represents an alky! group or an alkoxyl group, and M represents an alkali metal or an ammonium. 
[001 1 ] According to preferred embodiments of the present invention, there are provKled the aforementioned tetrazo- 
lium salt compounds wherein both and R^ are nitro groups, and R^ is a C1.4 alkyi group or a Ci,4 alkoxy group; and 
30 the aforementioned tetrazolium salt compounds wherein both R^ and R^ are nitro groups, R^ Is methyl group or meth- 
oxy group, and M is sodium. 

[0012] According to another aspect of the present invention, there is provided a reagent for the measurement of a 
dehydrogenase which comprises the aforementioned tetrazolium salt compound. As a prefen-ed embodiment of the 
present invention, there is provided the aforementioned reagent which is used for a measurement utilizing reduced 
Z5 nicotinamide adenine dinudeotide as an intermediate electron transporter. 

[0013] According to further aspect of the present invention, there are provided formazan compounds represented by 
the following general formula (6): 



40 



45 



50 



NaOsS, 




SOaNa 



(6) 



wherein R^ and R^ independently represent hydrogen atom, nitro group, cyano group, oartxixyl group or a halogen 
atom, and R^ represents an alky! group or an alkoxyl group. 
55 [001 4] According to still further aspect of the present invention, there is provided a method for the measurement of a 
dehydrogenase wherein the compound of the above general formula (1) is used as a hydrogen acceptor. According to 
prefen-ed embodiments of the aforementioned methods, there are provided the method which comprises the step of 
measuring the absorfoance of the formazan oonpound represented by the above general formula (6); and the method 
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wherein reduced nicotinamide adenine dinucleotide is used as an intermediate electronic transporter. 
Brief Description of the Drawings 



5 [0015] 

Figure 1 depicts the changes of absort^ance of the compound of the present invention (Compound a) and a com- 
pound disclosed in Japanese Patent Unexamined Publication No.(Hei) 7-70092/1995 (Compound b) when stored 
at 4°C. 

10 Figure 2 depicts calibration ounces of NADH obtained by absaption spectrum measurements. In the figure. O rep- 
resents results obtained by using the compound of the present invention (Compound a), and □ represents results 
obtained by using the compound disclosed in Japanese Patent Unexamined Publication No.(Hei) 7-70092/1995 
(Compound b). 

* Figure 3 depicts calibration curves of NADH obtained by absorption spectrum measurements. In the figure, O rep- 
15 resents results obtained by using the conpound of the present invention (Compound a), and □ represents results 
obtained by using nitro-TB. 

Mode for Canying Out the Invention 

20 [0016] In the above general formula (1). and independently represent hydrogen atom, nitro group, cyano group, 
cart)oxyi group or a halogen atom. As the halogen atom, any of fluorine atom, chlorine atom, bromine atom, and iodine 
atom can be used. It is preferred that botii and R^ are nitro groups. 

[0017] As the alkyi group represented by R^. for example, a Ci^ alkyt group can be used. More specifically, methyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyi group, sec-butyl group, tert-butyl group and other can be 
25 used. As the alkoxy group represented by R^. for example, a C1.4 alkoxy group can be used. More specifically, methoxy 
group, ethoxy group, n-propoxy group, isoprppoxy group, n-butoxy group, sec-butoxy group, tert-butoxy group and other 
can be used. R^ may preferably be a Ct.4 alkyI group or a C1.4 alkoxy group, and more preferably methyl group or meth- 
oxy group. 

[0018] As the alkali metaJ represented by M. for example, sodium, potassium arxi other can be used, and sodium is 
30 preferred. 

[0019] The compounds of the present invention represented by the general formula (1 ) can be prepared by a conven- 
tional method. For example, a hydrazine compound represented by the following general formula (3): 



40 wherein R^ represents hydrogen atom, nitro group, cyano group, cartx)xyl group or a halogen atom can be reacted with 
an aldehyde compound represented by the general formula (4): 



45 




50 

In an alcoholic solution to obtain a hydrazone compound represented by the general formula (5): 



55 
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NaOaS 



(5) 



and then the resulting compound can be reacted with a corresponding diazonium salt in an organic solvent or water 
under basic condition to obtain a formazan connpound represented by the general formula (6). 



IS 



20 




In the above general fornrxila (6). and independently represent hydrogen atom, nitro group, cyano group, carboxyi 
group, or a halogen atom, and R^ represents an alkyi group or an alkoxyl group, and they may preferably be the sub- 
strtuerts specifically explained as to H\ R^ and R^ of the above general formula (1). 

[0020] In the reactions mentioned above, sodium hydroxide, potassium hydroxide or other may be used as a basifying 
30 agent Then, the resulting formazan compound of the general formula (6) can be oxidized by using an oxidizing agent 
such as butyl nitrite in an alcoholic solvent to obtain the tetrazolium salt compound of the general formula (1). 
[0021 ] The compounds of the present invention have a characteristic feature that they receive a hydrogen produced 
by the action of a dehydrogenase via NADH or other, and they, per se. are reduced to form the formazan compounds 
represented by the above genei^l formula (6). Accordingly, the concentration of a dehydrogenase such as lactate dehy- 
35 drogenase. alcohol dehydrogenase, and glutamate dehydrogenase can be quantitatively measured by using the com- 
pounds of the present invention as hydrogen acceptors. They can also be used for quantitative measurement oi 
reducing substances such as NADH as described in the following examples. In general, the absorbance of the forma- 
zan compound of the general formula (6) formed in a reaction system may be measured to perform the quantitative 
measurement of these substances, or alternatively, the measurement can also be performed by means of fluorescent 
40 measurement or other spectrometric means. Methods for the measurement of a dehydrogenase utilizing an intermedi- 
ate electronic transporter such as NADH are well known in the art. per se. and reaction conditions, measurement 
means and other can be appropriately chosen by one of ordinary skill in tiie art. 



Examples 

45 

[0022] The present invention will be further explained nrx>re specifically by referring to the following exanrples. How- 
ever, the scope of the present invention is not limited to the following examples. 

Example 1 : Synthesis of the compound of ttie general tomiula (1 ) wherein R^ and R^ are nrtro groups and R^ is methoxy 
so group (Compound a) 

[0023] p-Nitrophenythydrazine (18.4 g) and sodium 4-tormyl-1 .3-benzenedisulfonate (37.2 g) were mixed with meth- 
anol, and the mixture was heated under reflux for two hours The resulting precipitates were collected by filtration to 
obtain a hydrazone in a 8S%yiekj. The hydrazone obtained (6.7 g) was dissolved in water (200 ml), and cooled to O'^C. 
55 Separately. 5-nitro-o-anisidine (2.7 g) was diazotized in a conventional manner, and tiie product was added to the 
hydrazone solution obtained above. The reaction mixture was kept at -5 to O^'C and added dropwise with an aqueous 
solution obtained by dissolving NaOH (2.6 g) in water (40 ml). After the dropwise addition, ttie mixture was stirred over- 
night at room temperature. The reaction mixture was added wrth hydrochloric acid and ccmcentrated. The precipitates 
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formed by the addition of isopropanol were collected by filtration to obtain a formazan In a 63% yield. The resulting for- 
mazan (5 g) was suspended in methanol (250 ml), added with concentrated hydrochloric acid (6.7 ml) and butyl nitrite 
(4.1 g), and then the mixture was stirred at room temperature overnight. The reaction mixture was concentrated, and 
added with isopropanol. The deposited precipitates were collected by filtration, and the crude product was recrystallized 
5 from ethanol to obtain the captioned tetrazollum salt (Connpound a) in a 45% yield. 
Elemental analysis: Calculated. (CaoHigNgOnSaNa) C: 40.00%. H: 2.T8%, N: 14.00 %: 
Found. C: 39.78%, H: 2.15%, N: 13.76% 

Example 2: Synthesis of the compound of the general formula (1 ) wherein and are nitro groups and R^ is methyl 
10 group 

[0024] The captioned compound was prepared in the same manner as In Example 1 . 
Elemental analysis: Calculated. (CgoHiaNgOioSaNa) C: 41.10%. H: 2.24%. N: 14.38%; 
Found. C: 40.86%. H: 2.44%, N: 14.17% 

15 

Example 3: Storage stabltrty test 

[0025] 50 mM Tris buffer (pH 8.0) containing 1 mM of Conrpound a was stored at 4'*C for 0, 1 , 7. 14, 31 and 90 days, 
and absorbances at 460 nm were measured. At the same time, the compound of the above general formula (2) 
20 described In Japanese Patent Unexamined Publication No.(Hel) 7-70092/1 995 wherein both R^ and R^ are nitro groups 
(Compound b: see, the section of "Background Art") was stored in the same manner, and changes of absorbance were 
measured. Fig. 1 shows the relationships between the days of storage and absorbances deriving from Compound a 
and Conrpound b. Compound b exhibited remarkable increases of absort>ance. whilst Compound a of the present 
invention gave no increase of absorbance for 90 days, which revealed Its excellent stability. 

25 

Example 4: Measurement of NADH concentration 

[0026] 50 mM Tris buffer (pH 8.0. 5 ml) containing 0. 1 mM of Compound a and 5 ^lM of 1 -methoxy-5-methylphenazin- 
ium methosulfate was added with 0. 10, 20, 30. 40 or 50 ^1 of 5 mM NADH, and allowed to react at room temperature 

30 for 5 minutes, and then absortjances were measured. Rgure 2 shows the relationship between NADH concentrations 
and absorbances. Measurement was performed in the same manner by using Compound b. Each of the compounds 
gave a linear calibration curve between NADH concentration and absorbance starting from the origin, and exhibited 
alHDost the same detection sensitivity. On the other hand, when the relationship between NADH concentration and 
absorbance was measured by using nttro-TB In the same manner. It was found that detection sensitivity was apparently 

35 inferior to that of the compound of the present invention as shown in Rgure 3. 

Industrial Applicability 

[0027] The tetrazollum salt compounds of the present invention give water-soiuble formazans when used as hydrogen 
40 acceptors. Accordingly, no deposition is occun-ed in a measuring apparatus, and measurements by using automatic 
analyzers are facilitated. Furthermore, the conrpounds of the present invention have characteristics that they exhibit 
higher sensitivity compared to nitro-TB, which Is generally used as a hydrogen acceptor in clinical diagnostics, and can 
easily detect NADH. In addition, they have the feature of excellent storage stability in the state of an aqueous solution. 
Accordingly, the compounds of the present invention are extremely useful as, for example, reagents for clinical diagnos- 
es tics. ~ . 

Claims 

1 . tetrazollum salt compound represented by the following general formula (1 ): 

so 
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N=N 

0-^ 



(1) 



IS 



20 



wherein RUnd independently represent hydrogen atom, nitro group, cyano group, cartxjxy! group, or a halogen 
atom; R^ represents an alkyi group or an alkoxyi group, and M represents an alkali metal or an arrvnonium. 

2. The tetrazdium salt compound according to daim 1 wherein both R^ and R^ are nitro groups; and R^ is a Cv4 alkyi 
group or a C1.4 alkoxy group. 

3. The tetrazolium salt compound according to claim 1 wherein both R^ and R^ are nitro groups; R^ is methyl group 
or methoxy group; and M is sodium. 

4. A reagent for the measurement of a dehydrogenase which conrprises a compound according to any one of claims 

25 1t03. 

5. The reagent according to claim 4 which is used for a measuring process utilizing reduced nicotinamide adenine 
dinudeotkle as an intenmediate electron transporter. 

30 6. A fbrmazan compound represented by the following general formula (6): 



35 



40 



NaOgS 




(6) 



45 

wherein R^ and R^ independently represent hydrogen atom, nrtro group, cyano group. cartx>xyl group, or a halogen 
atom; and R^ represents an alkyi group a an alkoocyl group. 

7. A method for the measurement of a dehydrogenase wherein a compound according to any one of claims 1 to 3 is 
50 . used as a hydrogen acceptor. 

8. The method according to daim 7 wNch comprises the step of measuring the absort)ance of a fommzan conrpound 
according to claim 6. 

55 9. The method according to daim 7 or 8 wherein reduced nicotinamide adenine dinudeotide is used as an intennedi- 
ate electronic transporter. 
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